A total of 212 arbovirus serotypes, representing 29 arbovirus serogroups, were screened for their plaque-forming ability and titrated in two continuous simian kidney cell lines (VERO and LLC-MK2). Plaquing data were obtained with 205 viruses in either one or both of these cell lines; seven viruses failed to plaque in either line. Both cell lines were susceptible to 169 arbovirus serotypes. Seventeen viruses failed to plaque in VERO and 18 in LLC-MK2. Plaques appeared as early as 2 days, and as late as I8 days (Triniti virus in VERO) Plaque diameters ranged from I to 28 mm. during a 24-day observation period.
INTRODUCTION
Virologists have now used three primary simian kidney cell culture types and seven continuous simian kidney cell lines for plaquing arboviruses. The use of simian kidney cells for plaquing arboviruses was initiated in 1957 when Bhatt & Work (1957) plaqued West Nile virus in primary Macacus rhesus kidney cells. K. Banerjee (personal communication 1965) reported Chandipura virus plaquing in primary radiatta kidney cells. Primary African green monkey (Ceropithicus aethiops) kidney was first used in arbovirus plaquing techniques by DeMaeyer-Guignard & DeMaeyer 0965) for plaquing Sindbis virus.
Simian kidney continuous cell lines were first employed for arbovirus plaquing when Tauraso, Wiebenga & Shelokov 0964) plaqued the Bolivian Hemorrhagic Fever virus in embryonic rhesus monkey kidney cell line (MA-Io4) and Ozawa & Hazrati (I964) assayed African Horse Sickness virus in rhesus-derived MS cells (Kanda & Melnick, 1959) . The LLC-MK2 rhesus-derived cell line (Hull, Cherry & Johnson, 1956 ) then made its appearance in plaquing Japanese Encephalitis virus (Fujinaga, Gershon & Prince, I964) .
A continuous cell line obtained from Cercopithecus aethiops monkey kidney by Tagaya et al. (1962) was used by Hotta, Fujita & Maruyama (1966) for plaquing Dengue type I Mochizuki strain virus.
The second African green monkey kidney derived cell line-VERO (Yasumura & Kawakita, 1963) was first used for plaquing the Tacaribe group of arboviruses (Earley, Peralta & Johnson, 1967; Simizu, Rhim & Wiebenga, 1967) . This was followed by the use of a third Cercopithecus aethiops monkey kidney derived line BS-C-I (Hopps et al. 1963) for plaquing a number of arboviruses (Taylor, 1967) . A fourth African green monkey kidney line (MA-I34) has been used by Bergold & Mazzali (1968) for plaquing Dengue and Yellow Fever arboviruses. in Hanks's base as the diluent. Volumes of 0.2 ml. were adsorbed to the cell monolayers for I hr at 37 °. The inoculum was not removed and the infected cell monolayer was not washed but overlayed with I o-o ml. of an agar + nutrient medium overlay containing modified x IO Earle's salts, calf serum, sodium bicarbonate, antimicrobials, neutral red, DEAE Dextran (IOO #g./ml.) and Ionagar No. 2. The exact composition and concentration of all overlay components was reported by Stim & Henderson (I969) . A second overlay was not used.
Plaque observations. The plaque development time and maximum plaque diameter were used as descriptive parameters for the emerging plaques. The plaque development time, given in days, was defined as the earliest day in which plaque emergence was observed. This value was not absolute since cell monolayers were not observed every day. Therefore the emergence time may have been less than that stated. Maximum plaque diameter in millimetres was defined as the greatest plaque diameter (measured with a millimetre rule) observed before plaque confluency or cell sheet degeneration occurred (2 to 24 days). The group B arboviruses (Table 2) were much more heterogeneous in their times of plaque emergence than group A. Plaques appeared from 2 to 16 days in VERO cells and 2 to 7 days in LLC-MK~ cells; so it appeared that LLC-MK2 cells promoted faster plaque development than VERO cells for group B arboviruses. Homogeneity of group B plaque development in the LLC-MK2 cell line was also noted in the maximum plaque diameters, i.e. plaque diameters were more restricted in the LLC-MK2 cells, ranging from I to 8 mm., excepting Langat virus which was composed of at least two plaque populations; but the virus population forming the 4 and 3 mm. plaques may not have been Langat virus. Maximum plaque diameters of group B members ranged from I to I5 mm. The clarity of Dengue virus complex members was much better in LLC-MK2 than in VERO cells. A specific group B virus may produce a population of plaques of different sizes in one cell line. Bussuquara and Spondweni viruses each presented two plaque-size populations in VERO, but not in LLC-MK2. On the other hand Langat virus plaqued into two different sized plaque populations in LLC-MK~ but not in VERO. In general, group B viruses had higher titres in LLC-MK2 than in VERO under the conditions used for these experiments. The LLC-MK2 line was more restrictive of plaque size and generally more susceptible, producing faster plaque development with clearer plaques.
In the Bunyamwera super group (Table 3 , group C: Bunyamwera group, Bwamba group, California group, Capim group, Guama group, Simbu group and Patois group) plaque development time varied from 2 to 13 days in VERO cells and 2 to IO days for LLC-MK2 cells--a much narrower development period than group B viruses, but not group A. Maximum plaque diameters of the Bunyamwera super group members ranged from I to 13 mm. in VERO cells to I to 8 mm. in LLC-MK2 cells, a much more restricted plaque diameter range than either groups A or B. Where we arbitrarily consider I'5 to 2. 9 log. p.f.u, as a significant difference between virus plaque titres, VERO cells were more susceptible (I.6 to 2.6 log. p.f.u.) than the LLC-MK2 cell line for Caraparu, Nepuyo, Tacunduba and Catu. The LLC-MK~ line, however, supported higher plaque titres (I'5 to 2"9 log. p.f.u.) than VERO ceils for ten Bunyamwera super group viruses, namely Oriboca, Ossa, Batai, Sororoca, Trivittatus, Snowshoe Hare, Acara, Bushbush, Akabane, and Sontecompan. IbAn555o--a member of the Simbu grouty--had three plaque populations in VERO but a single population in LLC-MK~.
Four viruses in the miscellaneous serogroups (Table 4) plaqued as early as 2 days, namely, Boracea, Amapari and Tacaribe in VERO and Chandipura in LLC-MK2. Four other viruses, however, require I4 or 15 days for plaques to appear, namely Koongol and Farallon in VERO and Timbo and Bujaru in LLC-MK~. There was a greater range of plaque diameters in the VERO (IO to I2 mm.) than in the LLC-MK~ line (I to 8 mm.) for these serogroups.
The ungrouped viruses (Table 5) did not really vary from the other serogroups in plaque appearance time, but plaque diameters did fall within a narrower range. However, the ungrouped viruses developed more quickly (2 to 8 days) in the LLC-MK~. line than in the VERO line (I to I8 days).
DISCUSSION
Mouse-brain stock viruses were used directly from the World Health Organization Reference Center of Yale Arbovirus Research Unit and did not undergo any further passage. Direct titre comparisons in two cell lines was possible because stock virus of the same passage was used. Although confirmatory back-check for identity of the virus was not done the strains have been verified by the Yale Arbovirus Research Unit. (9) 5"3 4 2 (4) 7"3 2 3 (9) 7"3 7 2 (9) 5"3 4 4 (7) 7"4 7 2 (9) 7'8 4 4 (9) 6-1 With the exception of two California serotypes--L 36708 (Whitman, Wallis & Leventhal, i968 ) and Ottawa 268I (McKiel, Hall & Newhouse, I966 ) , and Farallon virus (Casals, I967), the arbovirus serotype and serogroup nomenclature in this report were those given in two x967 reports (Taylor, I967; Report of a World Health Health Organization Scientific Group, I967).
There was considerable variation in susceptibility in the two simian kidney cell lines. The following arboviruses plaqued in LLC-MK2, but not in VERO: Ntaya, Stratford, Zika, Bukalasa Bat, Patois, Zegla, Timbo, Sicilian Sandfly Fever, Kaisodi, Lanjan, Johnston, Quaranfil, Thogota, Nyamanini, Semunya, Uukuniemi and Tataguina. The following viruses plaqued in VERO but not in Hart Park, Ieri, Colorado Tick Fever, Ganjam, Bhanja, Nariva, Tembe, Embu, Kwatta, BeAn67949, Mossuril Lagos Bat, IG 5139, IG 5287, IG 748: and Corriparta. Seven arboviruses which killed infant mice plaqued neither in VERO or LLC-MK~, namely Olifantsvlei, Fukuni, Chaco, Marco, Aruac, Wad Medani and Soldado. Even where two lines were susceptible to the same virus the p.f.u, titres varied considerably, e.g. Boracea, Candiru and Chagres; this great difference in titre, however, is not reflected by significant differences in plaque development time. But one of the viruses may have identical plaque titres in both cell lines, e.g. Y-62-33 or Restan, but their plaque development time is different in each cell line.
The broad susceptibility of both VERO and LLC-MK~ cell lines for arboviruses qualifies them as important adjuncts in the virus laboratory and they may supplement the suckling mouse for routine titrations and neutralization tests.
The author is grateful to Dr Jordi Casals for his review of the manuscript and to Mrs Lawrence Krone for her skilled technical assistance. This work was done under the sponsorship of the Commission on Viral Infections of the Armed Forces Epidemiological Board, and was supported in part by the U.S. Army Medical Research 
